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0 Process for removing volatile components from solutions containing polyphenylene ethers. 

A orocess and apparatus for devolatilizing solutions of polyphenylene ethers, or of mixtures thereof with 
fhe^Tym'rs to obSn a solid product with a residual solvent content of less than 

than 2 wt%. and a negligible content of particulate matter w.th a maximum particle size of less than O.l mm. 

arcon"centrating the solution by evaporating part of the solvent at high ^'^'^^'^ ^^"^ '^"'^^'^''2^ solvent 
b) expanding the concentrated and compressed solution from a) as it leaves a d.e. then removing the solvent 
which evaporates during the expansion. 
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.0 properties wiWn a wkte 1670,7.^. r^oe <" '"''""I. m.cha„lcal and electrical 

rSi4Trr-~— ^^^^^^ 

pi-e^iic aerivativ j,„ t.e J'j::.:^^^^^.:'^:^''^^.:,^'^'''- °' - 

-.en": ZZZ^:r:^J^ ^.Z'^re^T-r. «^ers precipitate tro. eo«„ 

powdere o, average pa'ele'tztTess Sa„ "T"' <" 

operating the extrusion and moulding apparania a"^"l J^perZ hel'^^^^^^^^ 

polymer, wtrlch as is »ell known aSv u^era^ t^lS H '=''"=«>''8nt degradation of the 

point. This degradation cauirthe SuTto ,2^^ 1 "^""^ « temperature belo» its molting 
Physical properties, redoing"; e:a^:Z2 >""°"' "^^'""^ its chemical and' 

" solufcnfs'pSL'Trougn t p'L^Lc^^rd ""'^"'"^ "-^ 

removed and the residuafmoltl XmerTs ^oT^^^ "LIT" 

of 5 to 120 seconds, this process is nTannSLt?. T, ''°'<"»««nf'"9 the residence time 

. r^ak^ :herrrarS:nTrgiriri:y^^^^ --'-"i^^ P-P^'^es Which 

tions because of the proble2 whTarre^c^nt'^^^ ^ ^ *" ^PP»==- 

working to produce the finished a«e '""=°"*™<' <" <>^ l^'^ and in their subsequent 

the Smirre'a'l whfcr,L^"* ^^^^0 ^^11:^ 

added so that the resultant mixture has oreater Zh^k^U Polystyrene or its denvatives. are frequently 
Canadian patent 1.063^61 d^Lcribes a Tl ^"^'""^ ^he molten state. For example! 

polymers based on extrusion from sofutl ""^""^ compositions comprising PPE and styrene 

additive are added, in which case therf Is a worsrn^ n^C T T °' P^'^^'^^'^ 

transition temperature) typical of PEES «'°^s«"'"9 m the excellent thermal properties (high glass 

f«tns°ofToS^^^^^^^^^^ -oving volatile components 

aforesaid problems '^^^"^'^"^ °^ ^^^'^ "^'^^^es wrth other polymers, without encountering the 
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A further Object of the present invention is to provide an apparatus for implerr,enting the above 
"'tot^^oTecrof the present invention is to prepare particular granular po.ypheny.ene ethers with high 

'To— .,ng «,e so,u«on by ovapo,a.lno par, c, ..e solven, a, ^'^^ P^^^^^ ' 
:r;«^n<.,ng *e .o,u.ion trough di, «. a pressure e<,ua, .0 or less than a«r,„spheric, with 

.„ srrs^^zcr^^rrsrs^sr.T^^ - ^r . ...» 

a plurality of structural units of formula (I): 




(I) 



in whioh R, and R,, which are the same or different represent a hydrogen or "^^"^'P^' 
sufiSwed or non.s'„bs,i.uted hyd«>carbon radioal. or a C-C. alkoxy radical, and n ,s at leas. 60 and 

'"tlXoTrorTa'l^e hydrogen, halogen such as chlorine, bromine or fluodne p' a O'-C,. 

form an integral part of the present description as reference. 

.'ustrative examples of polyphenylene ethers particularly suitable for the present invention are. 

- poiy(2,6-dimethyl-l ,4-phenylene)ether; 

- poly(2,6-dlethyl-1 ,4-phenylene)ether; 

- poly(2-methyl-6-ethyl-1 ,4-phenylene)ether; 

- poly(2,6-dipropyi-1,4-phenylene)ether; 

i - poly(2-ethyl-6-propyl-1 ,4-phenylene)ether and the like; 
poly(2,6-dimethyl-1 ,4-phenylene)ether is particularly preferred. 

The term "polyphenylene ether" as used in the present description and claims includes both homo 
polymers and copdymers containing different structural units of said formula (I), such' as copolymers 
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greater than 0.1 dl/g and very often between 0.30 and 0 90 dl/g ^""^"^^^^ chloroform at 23 -C) 

gaser;rr~^^^^^^^^ rrz ^ - ^ 

for oxidation polymerization can' be us d t ey 000': :^^ ;"' ''"^ "^^^^'^^^ 

metal such as copper, manganese or cobalt usuS^J in . ? . compound of a transition 

pounds. Examples of sultabteStalystsarth^^^^^^^^ ^^^^^ °^ ^^t^'V^ic corn- 
salt in combination with a ^'^""^3^^^^^^^^^ 

copper(l)chioride/dibutylamine or copperoLlorr/ov f^^ copper(l)chloride/trimethylamine. 
'5 salt in combination with a ter^^,^ aminT an^^^^^^ 

chloride/pyridine/potassium hyd^l Zse cl.ysts -PP-f'>- 

3.306,874. 3.914.266 and 4 028 341 catafysts are descnbed for example In USA patents 

so.^=t-.=f'~~ 

Po.y:i:ratl:ramLrs:c^%^^^^^^^^^^ - ^° ^^^^ ^'^ 

such as polystyrene and polymers derived therefrom oo^^^^^^ "o^?" P"'^"'^^^ 

30 high molecular weight rubber PolymertcSrn^^^^^^^^^^ "^^1 °^ ^"^^ ^ 

behaviour at ambient temperature ^ " ^^"^^^"^ Polymeric materials with elastic 

(vln^aToS: a°:r 'a^ryrpTm:^^^^^^^^^^^ copolymers and 
hydrogenated. partly hydVogenatedT noTSenaSi^ o^^^ s^.h copo ymers of type A-B or A-B-A in 

35 rene-polyisoprene or poly-.-methylst^renrDSvrutHln^^^^ Polystyrene-polybutadiene. polysty- 
butadiene-polystyrene. poly^ "nfp^ylTpren^^^^^^^^ Tol 71^^ " P°'>'^*V--P°'y- 
methylstyrene triblock copolymers, or polystyrene S^Xl^^^^^^^ 

ene-styrene copolymers. ethylenelpropZf EPRrcop^^^^ copolymers, or butadi- 

diene) (EPDM) terpolymers. For the purooseLf th« nrl^on/ 1- ®*^y'®"®-P^oPy'ene-(non-conjugated 

of other polymers are particularly preKd '""^"''"^ ''''^ ^'^^^ ^^^^n 10% 

be any^rvTscor;"^uS?b^?o'"^^^^^^^^^^^^^ rr "^^'''^ — - 

extent of more than 95% under the con^ops oHhe *° *° 

these solvents are aromatic sclents such rtoiuln. hT,! ?^ '""^'^"^ "^^P*^' ^'^^"^P'^s of 

or aliphatic solvents such as ?hf or d.oxane o hatooenatir^ T'' 'T'"^' ^^y'''^"-^"^ the like, 
or a mi..e thereof. Toluene and xXTa^;^^^^^^^^^^^^ 

a xr;r ^t^err: :r Throrrr ^ ™^ ^om, s to so wt% ot 

synthesis process, is compressed to ^^0, b^^^^^^^^^^ rating directly from a 

atm. and is heated to a temperature higher than i^s bomno nlf J? f ' ^'^^^'^^^ between 4 and 10 
then removed by evaporation until the equ 1 S"m coS^^^^^ under thTT- °^ 
conditions Is reached. Under these conditLs t^e so^uriornTl ^ P""®^^"'® ^"^ temperature 

preferably between 60 and 80 wt%. orpoSTmrby has Iff^^^^^ T^^^" ^ ^° ^"'^ 

in stage b) the concentrated solution Z' S^ge a) is fed to^ d^.^ °' '"^ temperature, 
pressure of stage a). The concentrated solutro" ifp^eferi; y Sd to the d^ ''""^ ^''^ '° 

.ess'r^^-— t:^:::s~~^ 

product in the form of semiexpanded spaghe« '^^vo'^t.l.^at.on process and obtain the solid polymer 
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The evaporated solvent Is removed preterably In an air stream, and Is then condensed by any known 
^'^rX^eXrstS^Ta mixture th^eo, with o«.er polymers as o.«a^ed by the present p^ce^ 
in the;;:^ o, s,l,«panded spaghett, can be then --^^^^^^ ^'/Z^'^lTTi.^^V 

"° ThTproclssTs implemented preferably by an apparatus, .owning on, aspect o, .h. present invention. 
„ "^r.'^romprroCmp c«,nected to an evaporate .or coventrating polymer sol„«ons which Is 

"^irrrfhr;n^rrco'::rs2^^^^^^^ 

r I r^Twh^^ rcor^;^ :r Z fo.=rd:vl°;,rPPE ,ea.es tne chamber . in 

S^:f err^rai^r^^rsoi^^^^^^^^^^^^^^ 

nreferlbv beUeen 240 and 270-C. and is concentrated to a solute content of between 40 and 90 v^/o _ 

?iToSb^r;L-r^^^^^^^ 

" t?r,1n'';rc^Lrr5°'ulX9^^^^^^^ ^ atm. - vary within wide limits and Is chosen 

accorSTng "her'^pr^ess parame.ers.7uch as the solvent the solute, the concentration. «,e tlow rate 
of the polymer solution and the percentage of solvent removed thrcigh the valve 4^ 

The temperature reached by the solution In the collection chamber 5 must be equal to or greater than 

« ™ii :^;reTgra^^^^^^^^^^^ €HSS:SS 

290 -C but is in any event much lower than the temperature required for devolat l.zing ^^^^^J^''"°*''' 
fn this respersuch linings are generally used only at moderate temperature and preferably not h.gher than 



270' 



in this manner a better PPE quality is achieved, with easy maintenance of the process apparatus. 
50 The co^^aentrltL po solution which collects on the bottom of the chamber 5 .s frans^erred by tf^e 
pump 7 to a d?e 8 at the exit of which the remaining solvent is instantly flash-evaporated and removed m 

The re^d'uaTpolyphenylene ether cools rapidly because of the solvent evaporation and herjce under- 
goes no thermal deg^a'dation. as instead happens when a polyphenylena ether (^^^P^^^ ^ I^^T^ '^.^^^^^ 
55 to its melting point. The polyphenylene ether obtained in this manner .s m the form of non-frag.le 
semiexpanded spaghetti with a residual solvent content of less than 2 wt%. u *k ^^u. 

This spaghetti is then fed to a crushing and possibly compression systern. from wh,ch the poly- 
phenylene ether IS obtained in the torm of powderless chips or granules wrth an average maximum 
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dimension of less than 0.1 mm. 



opera?: unTe^^ an^^ T^u' T'^^T'"^ ' ^^'^"^^^ ^^^'^^ ^'^ to 

devolatilization processes part cura^rwhen tlL^^^ ^Tr " '"^"^^"^ ''^"'"'^^ ^''^ 

5 exceed 10« centipolses duSng thrLtTre rreaS r h "'"'^"^''^ °' ^^'^^ 

through fissures heated by circula7ng Se^roT an^^ef '^^^^^^ ^"'^""^ 
as to increase the liquid/vapour heat Lnsfer surface ^ ^"^ °' ^ '^"^'"''^^ ^° 

paterp^licXrSrrS^I^^^^^^^ as in European 

io application as reference contents of which form an integral part of the present patent 

20 or its copolymers. eieraoiy less than 3 /o. of other polymers, in particular polystyrene 

art .Tear tf T'l^tZ^ ^^Z^'Z^^'^' ~ °^ ^-n 

enables polyphenylene ethers, and rpaSfpI.re dime^^ M "/'k " T*"'*' ^^"^^"^ 
particularly pure form Particular poly-(2.6-d.methyl-l .4-phenylene)eth8r, to be obtained in a 

«%. an average n,aximum 0'rute dS^r„^or««lT„a^^^^ "^T ' ' 

<a,ned in ,he aforegoing manner and L,„g a purrof r^!^ .^9^^^^^^^ * 

The polyphenvlene eth^r.! nr th^;. ™ L ^^ "^ particularly preferred, 

invention!" ar'r s^l^lat Te' oT;S t rraTdSSn^r ^'""^^ °' 

insofub* cZsz'^z^:'^:::^^^'::^^ ^ ^ ^--^ '* -c. a.: 

ye»o»lng,, and ,o» ,„Vecu,ar ^hTSrstaoTngwS)"''"^''' 

particulate matter. preferred to feed the polymer in granular form free from fine 

i In this respect, the polyphenylene eS 1 in t^e to™ °T ' operations l»,t in fact facilitates then. 

■"^'^r.-rrr.uren~^ 
r.a-„rh-4=^^^^^^^ 

pantry p" Zr^r^'AtnCr/ a^J^?;? T""' — 

'"'rero:zrrre:^^l^• 

inve„tio„''cir s'usr p^c a^y :r™^racS: t:^: -^^ °' 

Characteristics and resistance 10 solventsa^dTcMsTht^; J h '"^ "Wchahical 

industry and for the construction o, caslngror Sverinos to Zhr"* TT""" "•^'^ 
Some illustiafve examples which I,fl„ n^™ ? J^ «a<=t,ical or electronic equipment 

al^^u„ders^dlng?r,„t::er,r:^ri«'lmX*n'Sio'^'"'"^^^ 
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EXAMPLE 1 



' E^rHSS^ 

""ThrP^Et toT:e ^.o. « eha^bor 5 by ,h. pu.p 7 trough a di, having . length o, 

40 mm and nozzles of 4 mm diameter. chamber 9, maintained under 

The solvent which flash-evaporates at the die exit is drawn tnrougn evaooration the PPE 



EXAMPLE 2 



A 30% soluloh C PPE ,n «,u»,» Is devola.ilized under '"^''«^jf?f;^\ TnTw^r^pelature 
respectively. At the end of the process the residual toluene content >s about 4/o by weight. 



25 EXAMPLE 3 



Claims 

1 A process for devolatilizing a solution of a polyphenylene ether, or of a mixture thereof with other 

Slee*g the concentrated soluBon from a) .o a die a, a pressure e<»,al to c, greater than that of 
crCnding the scMlon through the die ,o a pressure ec,ua, to or less than atmospheric, with 

toSrrdp:Xio:r:dr=^^^^^^^^^^^^^ 

other polymers. 

' 2. A process as claimed in claim 1. wherein the polyphenylene ether Is a polymer or a copolymer 
comprising a plurality of structural units of formula (1): 




(I) 



in which R, and Ra, which are the same or different, represent a hydrogen or halogen atom. °f a 
subluted or non-substituted hydrocarbon radical, or a C-Cs alkoxy radical, and n is at least 50 and 
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preferably between 60 and 600. 



120,000, am. an mtrinJc vliosT Measured TThC '="T^?9'"*'' °' =«» 
preferably batweor 0.30 a^oTSg obbroform at 23 -C) greater o.1 dl/g and 

- potycarbonata, polyan,*. suet, as Vyfon 6 Ty t ^ 6 'n Cf °nT '"l? '""''^"^ ^ 

tricl,loroetlM„e, and mixtures ttlereof ' ™F. dioxane. chlorofonn, 

7. A process as cJalmed in claim 6, wherein the organic solvent is toluene, 

5 and 50 w,% anS li^terabry^Cn , 0 J^^^'^^' » 

» -0~.^r SirZV^°;~^^ so«on obtained In 

between 60 and 80 wt%. °' ^'^ polymers, in a quantity of 

oVb:t:::n=:a?dira;r2z,:ryr:rnVrr„:r^^^^^^^ « ^ — 

290-C and preferably between 240 and 27^? ' ^ te^-Perature of between 220 and 

cl'^^nredValrtaVraL"" °' "^^ "^"^ * -MIon Is 

° S:TheTetX7purp.°'''° ~a,ed 3o,u«on 

^ t^bX^annerZ- ^.e^ p-'b'te^rZ ttZ', """" * ^ " 

.-z«rorcrr.,ra:^gra:in2u:^rrd'' °' "'^ — 

mm and preferably between 0 5 anaTm,^ ' * amension of between 0.5 mm and 20 

and prelwably greaterran 0 ^ 4c and a rt^^TT ^^"^ "'^ ^/co and up to 0.9 g/cc 

less than 2 J%, contaWng tess manTJJT^L^^r » «« and preferably 

and substantially f,ee o.ZZ:^^:^^^^^^,:^'' " - 

*^ra~;^erCmM2r™'T'' ""^ °' '"""^ ' ^ ^ ^ 

-.i=bisabie.oVrafe~re'n:r:;zs";i2^yTpTr2r^^^ 
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ii) a collection chamber (5) consisting of a closed vessel able to withstand P;^f ^"^^^°J,^ 
least 4 atm and preferably up to 20 atm. which is connected to the evaporator (3) v,a a sealed 
connection and Is provided with a pneumatic valve (4) for pressure regulation; 

n^a dVe (8) connected in a sealed manner to the collection chamber and possibly provided w.th a 
lonTllSd compression pump (7) between the chamber (5) and the die (8). which is provided at 
its outlet with an expansion chamber (9) preferably under suction. 

17. An apparatus as claimed in claim 16. wherein the walls of the collection chamber (5) are lined with a 
layer of an anti-adhesion polymer, preferably teflon or another fluorinated polymer. 

exceeding 0.1 mm. 

Xl m^,T^Cl1>Ph4len.) emsr. pc,y<2,6^ipropyl-1,4.ph,ny,e„e,e,h,r. and po,y(2-e.hy,.6. 
propyl-1 .4-phenylene)ether. or their mixtures. 
20. Granular polyphenylene ethers as claimed in claim 19. consisting essentially of poly(2,6-dimethyl-1.4- 
phenylene)ether. 
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® Process for removing volatile components from solutions containing polyphenylene ethers. 



0 A process and apparatus for devolatilizing solu- 
tions of polyphenylene ethers, or of mixtures thereof 
writh other polymers, to obtain a solid product with a 
residual solvent content of less than 5 wt% and 
preferably less than 2 wt%. and a negligible content 
of particulate matter with a maximum particle size of 
less than 0.1 mm, comprising: 

a) concentrating the solution by evaporating part 
of the solvent at high pressure and temperature, 
and 

b) expanding the concentrated and compressed 
solution from a) as it leaves a die, then removing 
the solvent which evaporates during the expan- 
sion. 
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1. Claims 1-17: Devolatization of concentrated poly- 

phenylene ether solutions by extrusion 
under reduced pressure 

2. Claims 18-20: Granular polyphenylene ether powders 



